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Abstract

SouthernAppalachiantable mountain pine (Pinus pungens)and pitch pine (P. rigida) forestsrequire disturbancefor
regeneration.Lightning-ignited fires and cultural burning practicesprovided the disturbance that prehistorically and
historically maintainedthese forests. Burning essentiallyceasedon public landsin the early twentiethcentury when fire
suppressionbecamethe primary fire managementinitiative of federalland managers.The last five to six decadesof forest
successionin theabsenceof fire haveallowed chestnutoak(Quercusprinus), scarletoak(Q. coccinca),andred maple~Acer
rubrum) to dominateboth midstory andunderstorystrataandto becomepoisedto invadetablemountainpine andpitch pine
canopies.This study examinedfirst-yearresponsesof three60—80-year-oldsouthernAppalachiantable mountainpine and
pitchpine standsto prescribedfire. Prior to burning, meancanopy(woody stems=2.5cm DBH), understory(all shrubsand
saplings<2.5 cm DBH), andgroundlayer (all vascularspecies=1m in height) speciesrichnessvaluesranged6—8 species!
0.02ha, 2—3 species/GOI ha, and1—3 species/in2,respectively.Mean pre-burnbasalarearangedfrom 23 to 32 m2/ha for the
threestands.Canopyandunderstorydensitiesaveraged1500—1900and70—120 stems/ha,respectively.Mean pre-burnground
layercoverrangedfrom 28 to 77%permetresquare.Therewerenopine seedlingspresentin thepre-burngroundlayer. Onall
sites,burningtop-killed someoverstoryandmidstory fire-intolerantspeciessuchassassafras(Sassafrasalbidum),redmaple,
and whitepine (Pintis strobus).Numeroussproutsof thesespeciesappearedin thepost-burnunderstoryandgroundlayers.
Canopy speciesrichness was significantly lower (45%) whereasunderstory and ground layer speciesrichness were
significantly higher(two timespre-burnvalues)following mostburns.All threeburnssignificantlyreducedcanopybasalarea
(20—30%),canopydensity(50—70%),andgroundlayercover(40—70%)but increasedunderstorydensity (two timespre-burn
values).Tablemountainpine (8000seedlings/ha)and pitch pineregeneration(15 000seedlings/ha)wasobservedfollowing
two of theseburnsbut the seedlingswerenot likely to survive dueto shadingandcompetitionfrom overstory,midstory,and
understorystrata.Futureburnsto restoresimilarstandsmustopentheforestcanopy,reduceaccumulatedIittesianxlduffiayers,
andexposeregenerativebasalbuds of hardwoodsto lethaltemperaturesin order to lessenpost-burnsprouting.Prescribed
burnsthat do not accomplishthesegoalsmayfurtherencouragesuccessiontowardshardwood-dominatedstandsas sproutsof
understoryhardwoodsgrow into midstoryandoverstorystrata. & 2000ElsevierScienceB.V. All rightsreserved.
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1, Introduction
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2. Methods

SouthernAppalachiantablemountainpine (Pinus
pungens)and pitch pine (P. rigida) forestsare fire-
dependent.Pre-historicandhistoric lightning-ignited
fires andcultural burning practicesmaintainedthese
forestson upper,south-to-west-facingslopes(Guffey,
1977; Harmon, 1982; Buckner, 1989;Van Lear and
Waidrop,1989;DeVivo, 1991;DelcourtandDelcourt,
1997; Bucknerand Turrill, 1998; Williams, 1998)
until declinesin NativeAmericanpopulations,estab-
lishrnentof federalfire policies,andpublic fearof fire
resultedin widespreadfire suppressionandprevention
in theregion(Pyne,1982).Thepastfive to six decades
of fire suppressioneffortshavedegradedtablemoun-
tain pine andpitch pine forestsandmany havecon-
verted to, or are in various stages of succession
towards,hardwooddominance(Williams and John-
son, 1990,1992; Sutherlandet al., 1995;Turrill et al.,
1997; Harrod et al., 1998; Turrill, 1998; Williams,
1998).As Harrod et al. (1998) reportedfor fire-sup-
pressedpitch pine standsin theGreatSmoky Moun-
tainsNationalPark,Tennessee,canopydensity,basal
area,andcanopyspeciesrichnessoftheseforestshave
increasedwith the invasionof fire-intolerantspecies
such as red maple (Acer rubrum), white pine (P.
strobus),andeasternhemlock (Tsugacanadensis).

Today, the majority of southernAppalachiantable
mountainand pitch pine forestsarelocatedon man-
aged public lands. This offers the opportunity to
regeneratedegradedstandswith prescribedburning.
Sincemany of these standsnow contain significant
hardwoodcomponents,questionsariseas to how they
will respondto prescribedburning.Ecologistsagree
that fire establishedtable mountainand pitch pine
forestsand that fire should be returnedto them via
prescribedburning(BucknerandTurrill, 1998;Harrod
et al., 1998;Williams, 1998), but details of the fre-
quencies,intensities,and seventiesof fires to encou-
ragepine regenerationremain uncertain.

The purposeof this researchwas to evaluatethe
effectsof prescribedburning on 60—80-year-oldtable
mountainpine and pitch pine stands.The threepre-
scribedburnsdescribedin this studywereamongthe
first attemptstoregeneratesuchstandsin the southern
AppalachianMountains. Pre- and post-burnspecies
composition,speciesrichness,andstandstructureare
comparedin this paper.

2.1. Communilydescription

Tablemountainpine andpitch pine aretwo of four
yellow pines native to the southern Appalachian
region. The other native yellow pines are shortleaf
pine (P. echinata)andVirginia pine (P. virginiana).
Tablemountainpine is anAppalachianendemicdis-
tributed along theridges of the AppalachianMoun-
tainsfrom centralPennsylvaniato northernGeorgia
(Zobel, 1969) (Fig. 1). The rangeof pitch pine over-
lapsthatof tablemountainpineandextendsnorthward
into Maine (Suttonand Sutton,1985). Both species
occur on xeric, south-to-west-facingslopeswith shal-
low, acidic, and oligotrophic soils at 300—1370m
elevation.Canopyspeciesmostoften associatedwith
tablemountainpine andpitch pine includechestnut
oak (Quercusprinus) and scarletoak (Q. coccinea).
Associatedmidstoryandunderstoryspeciesareblack-
gum (Nyssa.sylvatica) and sourwood (Oxydendrum

arboreum).Densethicketsof mountainlaurel (Kalmia
laufolia) andspeciesof blueberries(Vacciniumspp.)
and huckleberries(Gaylussaciaspp.) comprise the
shrnb componentof the understory.Galax (Ga/ax
aphy//a) is common in the ground layer (Zobel,
1969; Barden,1977; Williams andJohnson,1992).

Table mountain pine and pitch pine are pioneer
speciesthat establishstands following disturbance.
It hasbeensuggestedthatthedisturbancemustexpose
mineral soil andprovide full sunlight for successful
regeneration(U.S.D.A.ForestService,1965;Sanders,
1992;Williams andJohnson,1992).Tablemountain
pine conesareserotinousandoften maturewhen the
treeis five yearsof age (Zobel, 1969;Barden, 1978;
Della-Bianca,1990).Pitch pineconesof the southern
AppalachianMountainstypically arenon-serotinous.

Coneserotiny is a polymorphic trait in pitch pine
(Ledig and Fryer, 1974; Givnish, 1981; McCune,
1988)andGivnish (1981)showedthat clinal variation
in this polymorphismis relatedto clinal variationsin
fire regime, with non-serotinousindividuals more
prevalentin areasof infrequent fires. Mature cones
are foundon pitch pinetreeseight to twelveyearsold
and seed disseminationoccurs from late October
through lateNovemberin non-serotinousindividuals
(Little and Garrett, 1990). Vegetativereproduction
from basalbudsandepicormicbranchingis common
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Fig. I. Geographicdistributionsof Pinuspungens(Della-Bianca,1990)J3~j andP. rigida (Little andGarrett, 1990)111:1: andlocations
of study sites. Study sites are U = Warm SpringsRangerDistrict, George Washingtonand JeffersonNational Forest (GWWS). and
A GrandfatherRangerDistrict, PisgabNationalForest(PSGF).

in pitch pine following fire injury (Ledig andLittle,
1979; Little and Garrett, 1990). Table mountain
pine does not reproducevegetatively(Della-Bianca,
1990).

2.2. Studysites

This study was conductedon the Warm Springs
RangerDistrict of the GeorgeWashingtonandJeffer-
son National Forest (GWWS), Virginia, and the

GrandfatherRangerDistrict of the Pisgah National
Forest (PSGF), North Carolina (Fig. 1). U.S.D.A.
Forest Servicecrews divided the GWWS standinto
two compartmentsto allow for two burnsof different
seasons.Pitchpinedominatedthecanopyof both60-
year-old,7 haGWWSsites. Tablemountainpine and
pitch pine sharedcanopydominanceof PSGF(7 ha,
77 yearsold). Virginia pine appearedin themidstory
of PSGFbut was not a centralfocus of this research
since,generally,it is not a dominantspeciesof table

mountain pine and pitch pine stands (Whittaker,
1956). No timber harvests,wildfires, or prescribed
fires hadoccurredon GWWSor PSGFsincethe time
of federallandacquisitionin the late 1930sandearly
1940s.

2.3. Vegetationsamp/ing

Eight sampleplots (10 m x 20 m, 0.02-ha)were
establishedrandomly within eachstudy area. Sam-
pling crewstallied all living woody stems>2.5 cm
diameterbreastheight(DBH) within eachsampleplot
as to speciesand DBH. Generally, stems>10cm
DBH were in the overstory and those <10cm and
>2.5 cm DBH werein themidstory.Understorystems
(all shrubsandsaplings<2.5 cm DBH) werenotedas
to speciesand tallied in 30 cm height classesin two
10 m x 5 m subplotswithin eachsampleplot. Litter
layer (0k) depth was obtained from threerandom
measurementswithin each understorysubplot and
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duff depth (02) was measuredat the centerof each
sampleplot. One1-rn2 subplotwas locatedat eachof
the four cornersof the sampleplot for groundlayer
sampling.Within thesesubplots,% coverwasvisually
estimatedfor all vascularspecies,both woody and
herbaceous<1 m in height. Nomenclaturefollows
Radfordet al. (1968).

2.4. Prescribedburning

USDA ForestServicepersonnelburnedthe first 7-
haGWWS compartmentin mid-October1995.Burn-
ing crews applieda ring firing techniqueunderwarm
(air temperatures220C), relatively dry (relative
humidity 30—40%)conditions.Thering firing techni-
que involved circling theburn areawith drip torches
andsettingoneormorespotfiresnearthecenterof the
burn area to pull the outer circle of fire inward
(U.S.D.A. Forest Service, 1989).Flame lengthsran-
gedfrom 1 to 3 in. Thesecond7-haGWWScompart-
mentwas burnedin mid-May 1996,also usinga ring
firing technique.Air temperatureduring the burnwas
260C and relativehumidity rangedfrom 40 to 60%.
Flame lengthsvariedfrom 1 to 6 in. Bark char(height
of fire-blackenedbark on the bole of canopystems)
averaged2 in for both burns.Sampling of post-burn
vegetationoccurredin August 1996.

Burningcrewsusedacombinedringandheadfiring
techniqueto burn the PSGFsite in early May 1996.
Theheadfiring techniqueinvolved settinga line of fire
upwind at the baseof the slope (U.S.D.A. Forest
Service,1989). The air temperatureduring the bum
was 270C and relative humidity rangedfrom 36 to
46%. Reported flame heights at greatestintensity
varied from 12 to 46 m. However, the mean flame
height was probablymuch lower as indicatedby the
meanbark char height of 4 m andcanopyscorch of
20%. Sampling of post-burnvegetationoccurredin
August 1996. Post-burnspeciescomposition,stand
structureandseedlingdensititesweremeasureddur-
ing the first post-burngrowing season.

2.5. Data ana/ysis

Meanbasalarea(in2/ha)andmeandensity(number
of stems/ha)were calculatedfor canopystems(overs-
tory andmidstorysizeclassescombined)on eachsite.
The frequenciesof canopystemsin 5 cm DBH classes

weredeterminedandhistogramswere constructedfor
eachsite.Relativebasalareaandrelativedensity,both
as percentof total, wereaddedto obtain importance
valuesfor overstoryand inidstoryspecies.

Mean understorydensity (number stems/ha)and
meanground layercover (% per metresquare)were
calculatedfor eachsite. Importancevaluesof unders-
toryspeciesandgroundlayerspeciesweredetermined
asrelativedensity(% of total) plusrelativeheight (%
of total) andrelativecover (% of total) plus relative
frequency(% occurrencewithin the 32 1 in2 plots/
site), respectively.Mean litter and meanduff depth
valueswere obtainedfor eachsite. Speciesrichness
was determinedfor the canopy, understory, and
ground layer as the number of speciespresentin
the sampled area. Mean canopy, understory,and
ground layer speciesrichnesswere determinedfor
eachsite. All pre- andpost-burnmeanswere com-
paredwithin eachsite usingpairedt-testsandan o~ of
0.05 (SAS, 1994).All resultsare considereddescrip-
tive statistics(Hurlbert, 1984) andeachof the three
bumsis treatedas an individual casestudy, lacking
replication.

3. Results

3.]. Speciescomposition

Pitchpine and scarletoak werethe mostimportant
overstory speciesboth prior to and following the
GWWS fall burn (Table 1). The bumreducedbasal
areaand densityof blackoak (Q. velutina)andblack-
jack oak (Q. mari/andica). Blackjack oak was the
most important pre-burn midstory speciesbut was
top-killedby thefire andabsentfrom post-burnsam-
pling (Table 2). Blackgum,chestnutoak, andscarlet
oak were the only midstory speciesafter the burn.
Sassafras(Sassafrasalbidum) saplingsandmountain
laurelshrubsdominatedthepre-andpost-burnunders-
tory (Table 3). Huckleberry,blueberry, andbracken
fern (Pteridiumaquilinum) were the most important
ground layer speciesboth prior to and following
burning (Table 4). Seedlingsof sassafras,pitch pine,
and black oak were also presentin the post-burn
groundlayer.

Pitch pineandscarletoakwerethe mostimportant
pre- and post-bumoverstory specieson the GWWS
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Table 1
Pre- and post-bumoverstory trees(stems=tO cm DBH) of P. pungensandP. rigida stands~

Species Pre-buin

Basalarea

Post-bum

Density IV Basalarea Density IV
(m

2/ha) t# stems/ha) (m2fha) (# stems/ha)

GWWSFall Burn
Pinus rigida
Quercuscoccinea

Nvssasylvatica

Q. prinus

Q. velutina

Q. marilandica

Q. albn’~

Total

GWWSSpringBurn
P. rigida

0. coccinen
Q. prinus

Q. velutina

N. sylvatica

Q. alba

Sassafrasalbidum

Acer rubrum

Total

PSGFSpring Buns
Pinuspungens
P rigida
N. sylsatica

Pinus virginiana
Q. coccinen

A. rubruin

Q. prinus

Oxvdendronarboreum
Total

11.3
3.9
1.6
1.5
0.8
0.6

19.7

14.4
6.5
1.8
0.8
0.3
0.3
0.2
0.2

25.2

12.0
9.0
1.4

1.8
1.1
0.9
0.7

29.1

206.3
193.8
93.8
93.8
62.5
56.3

706.5

200.0
262.5
112.5
43.8
25.0
18.8

1838
6.3

744.0

225.0
256.3
106.3
62.5
68.8
68.8
56.3
56.3

900.3

86.8
47.2
21.4
20.9
12.7
11.0

84.1
61.0
22.4
9.2
4.4
3.6
3.2

66.3
59.4
16.6
14.4
13.7
11.5
9.3
8.7

9.6
3.8
1.5
1.2
0.2
0.2
0.1

16.6

13.9
1.4

0.3
0.1

15.7

13.8
5.3
1.3
2.4
0.6
0.9
0.4
0.3

25.0

Importancevalue (IV) calculatedasrelative basalarea ,% of total) pius relative density(% of total).
Omitted or misidentifiedduringpre-burnsampling.

springbumsite(Table1). Thedominanceof pitch pine
increasedafter the burn as stemsof chestnutoak,
white oak (Q. a/ba), sassafras,and red maplewere
top-killed by the fire. Blackjack oak and sassafras
were the most importantpre-burn midstory species
whereasblackgumand chestnutoak were the most
importantpost-burnmidstoryspecies(Table2).Mids-
tory stemsof blackjackoak,scarletoak,blackoak,red
maple,andhickory (Carya sp.)weretop-killedby the
fire. Huckleberry and sassafrasdominated the pre-
burn understorywhereassproutsof sassafrasdomi-
natedthepost-bumunderstory(Table 3).Huckleberry
was the most important ground layer speciesboth

prior to and following burning (Table 4). Seedlings
andsproutsof sassafraswere prevalent in the post-
burn groundlayer.

Tablemountainpineandpitch pine dominatedthe
PSGFpre- andpost-burnoverstory(Table I). Black-
gum was the most importantmidstory speciesboth
prior to and following burning (Table 2). Midstory
stemsof chestnut oak, scarlet oak, Virginia pine.
sassafrasand white pine were top-killed by the
fire. Mountain laurel dominated the pre- and post-
bumunderstory(Table3).Stumpsproutsof sourwood,
red maple,and blackgumwere presentin the post.-
burn understory. Mountain laurel and blueberry

168.8
187.5
87.5
75.0
12.5
12.5
6.3

550.1

181.3
62.5

6.3
12.5

262.6

287.5
137.5
81.3
56.3
25.0
50.0
18.8
18.8

675.2

89.0
56.8
24.9
20.9
3.4

1.6

157.8
32.5

4.1
5.7

98.0
41.7
17.4
17.9
6.0

11.0
4.2
3.8



N. T Welchet al. /Forest Ecology andManagement136 (2000)185—197

Table 2
Pre- andpost-bummidstory trees(stems<10 and >2.5 cm DBH) of P. pungensandP. rigida stanrisa

Species Pre-burn Post-bum

Basalarea
(m2/ha)

Density
(# stems/ha)

IV Basalarea
(in2/ha)

Density
(# stems/ha)

IV

GWWSFall Burn
Quercus marilandica

Q. velutina

Nvssasvls’atica

Q. prinus

Q. coccinen

Sassafrasalbidum

Q. alba

Amelanchier arboren

Pious rigida

Acer rubrumn

Total

1.7
0.6
0.5
0.4
0.2
0.1
0.1
0.1
0.0
0.0
3.7

400.0
143.8
112.5
62.5
37.5
31.3
6.3

12.5
6.3
6.3

819.0

98.1
34.1
26.4
17.3
10.1
5.5
3.2
3.1
1.2
1.0

0

0

0.2

0.1

0.1

—

—

—

—

—

0.4

3

3

37.5

18.8

18.8

—

—

—

75.1

9

9

98.2

56.1

45.7

—

—

—

GWWSSpring Burn

Q. marilandica
S. albidum

Q. prinus

Q. cocccinea

Q. velutina

N. svlvatica

A. rubrum

Caryn sp.

Total

1.1
0.6
0.5
0.5
0.3
0.2
0.0
0.0
3.2

306.3
243.8
106.3
81.3
50.0
50.0

6.3
6.3

850.3

71.3
47.7
26.8
23.9
14.2
13.1

1.7
1.3

0

0.0

0.1

—

—

0.1

—

—

0.2

6

6.3

18.8

—

18.8

—

33.9

1

15.8

76.6

—

79.7

—

PSOFSpring Burn
N. sylvatica

Oxydendivoarboreum

A. rubrum

Hamamelisvirginiana

P. rigida

Q. prinus

Q. coccinen

P. virginiana

A. arborea

S. albidum

P. strobus

Total

1.3
0.6
0.5
0.1
0.2
0.2
0.1
0.1
0.0
0.0
0.0
3.2

375.0
168.8
150.0
93.8
43.8
37.5
43.8
12.5
12.5
6.3
6.3

950.3

76.5
35.9
30.4
12.4
10.8

9.1
8.7
2.9
2.3
1.0
0.7

0.5
0.1
0.2
—
0.1
—
—
—
—
—
—
0.9

93.8
37.5
68.8

12.5
—

—

-.
212.6

95.7
30.0
59.0

15.3
—

—

—

Importancevalue (IV) calculatedasrelativebasalarea (% of total) plus relativedensity(% of total).

dominated the pre- and post-burn ground layer
(Table 4).

Mean canopy speciesrichness was significantly
lower whereasunderstoryspeciesrichnesswas sig-
nificantly higher following all threebums(Table 5).
Post-burn ground layer speciesrichnessincreased
significantly after the GWWS fall bum and the
GWWS spring bum but was unchangedfollowing
the PSGFburn.

3.2. Standstructure

Meancanopybasalareaandmeancanopydensity
was significantly reducedon all sites after burning
(Table 6). Mean canopybasalareawas reducedby
27% for the GWWS fall burn, 32% for the GWWS
spring burn, and 20% for the PSGFburn. Greater
reductionswere observedfor meancanopy density
(60% for the GWWS fall burn, 73% for the GWWS

190
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Table 3 I
Pre-and post-bumunderstorysaplingsand shrubs(stems<2.5 cm DBH) of P. pungens andP. rigida stands~

Species Pre-burn

Density Height(in)

Post-bum

IV Density Height (in) IV
(41 stems/ha) (41 stems/ha)

GWWSFall Burn
Saplings
Sassafrasalbidum 406.3 2.2 91.6 1537.4 0.5 106.3
Quercus coccinea 312.5 1.2 50.3 193.8 0.5 13.1
Q. marilandica 43.8 0.8 6.2 81.3 0.7 6.6

• Q. velutina — — 381.3 0.6 29.0
Nyssasvlvatica — — — 75.0 0.4 4.8

• Q. prinus — — 56.3 0.6 4.1
Acer rubrum — — — 12.5 0.4 0.7
Shrubs
Kalmia lat(folia 325.0 0.9 47.4 575.0 0.4 35.0
Caylussaciasp. 18.8 1.0 2.8 — —

Rhododendronsp. 6.3 1.5 1.1 — —

Total 1112.7 2912.7

GWWSSpring Burn

Saplings
S. albidum 537.5 1.0 61.0 2675.0 0.5 167.9
Q. coccinea 31.3 0.7 3.2 106.3 0.4 6.0
A. rubrum 12.5 0.7 1.2 6.3 0.4 0.3
Q. marilandica 6.3 0.7 0.6 — —

Q. velutina — — — 231.3 0.4 13.4
Q. prinus — — 56.3 0.4 3.1
N. sylvatica — — 25.0 0.4 1.3
Castaneadentata — — 6.3 0.4 0.3
Shrubs
Caylussaciaap. 1006.3 0.8 98.7 — —

K. latiolia 193.8 2.3 35.5 143.8 0.4 7.6
Total 1787.7 3250.3

PSGFSpringBurn
Saplings
Oxydendronarboreuin 31.3 2.8 3.6 156.0 0.0 6.0
Piousstrobus 12.5 3.3 1.6
Q. coccinea 12.5 2.9 1.5 19.5 0.4 5.1
A. rubrum 12.5 1.8 1.2 344.5 0.1 10.7
Q. prinus 6.3 2.9 0.7 26.0 0.1 4.7
N. sylvatica — — — 552.5 0.1 12.9
Shrubs
K. lot(folio 1581.3 2.8 184.8 975.0 0.1 147.5
Hamamelis virginiana 31.3 2.8 3.6 19.5 0.1 4.5
Symplocostinctoria 12.5 4.0 1.8 195.0 0.0 8.2
Vaccinium sp. 12.5 1.5 1.1 — —

Rhododendronap. — — — 6.5 0.4 0.5
Total 1712.7 2294.5

Importancevalue (IV) calculatedasrelative density (% of total) plus relativeheight (% of total).
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Table ~ I
Pre- andpost-bumgroundlayer vegetation(=1m in height)of P. pungens andP. rigida stands~

Species Pre-bum

Cover(% per

Post-burn

Frequency IV Cover (% per Frequency IV
metresquare) (% occurrence) metre square) (% occurrence)

GWWSFall Burn
Tree species
Sassafrasalbidum 3.9 28.1 15.3 3.7 46.9 21.8
Quercusmarilandica 1.7 12.5 6.8 —

Q. coccinea 0.3 9.4 3.8 0.0 3.1 1.0
Acer rubrum 0.0 3.1 1.2 —

Pinus rigida — — 1.5 3.1 16.3
Q. velutina — — 3.9 8.3 13.9
Nyssa svlsatica — — — 0.1 3.1 1.1
Shrub species
Gaylussacia sp. 45.1 81.3 88.2 17.0 56.3 52.6
Kalmia latifolia 7.9 18.8 17.1 • • 3.8 12.2 11.8
Herbaceousspecies
Vaccinium sp. 13.7 62.5 40.6 13.5 81.3 52.9
Preridium aquilinum 4.0 81.3 23.4 3.9 56.3 25.2
Panicum sp. 0.2 3.1 1.4 0.1 3.1 1.1
Viciasp. 0.1 3.1 1.3 —

Smilax rotund(folia 0.0 3.1 1.2 0.1 3.1 1.1
Iris cristota — — 0.1 3.1 1.1
Total 76.9 47.7

GWWSSpringburn

Tree species
S. albidun~ 6.5 37.5 21.8 5.1 65.6 55.2
Q. coccinea 0.2 9.4 4.2 0.3 9.4 5.7
Q. ,narilandica 0.3 2.6 3.0 —

A. rubrum 0.1 3.1 1.3 —

Q. velurina — — 0.1 3.1 1.7
N. svlvatica — 0.0 3.1 1.5
Shrubspecies
Caylussaciasp. 49.2 78.1 105.2 11.1 96.9 100.4
K. latifolia 1.3 15.6 8.4 0.8 15.6 10.7
Herbaccousspecies
Vacciniumsp. 10.5 59.4 40.0 0.5 3.1 4.0
P. aquilinum 1.2 28.1 13.4 1.1 31.3 19.3
Gaultheria procumbens 0.1 6.3 2.8 0.0 3.1 1.5
Total 69.4 19.0

PSGFSpring Burn

Tree species
Q. coccinea 0.4 7.8 4.3 0.9 9.4 13.9
A. rubrum 0.3 7.8 4.1 0.8 6.3 10.4
Ox-tdendron arboreum 0.3 1.6 1.2 —

P. strobus 0.2 1.6 1.0 —

N. sylvotica 0.1 1.6 0.9 0.0 3.1 2.1
P. pungens — — 0.1 3.1 2.9
Shrub species
K. lat(folio 18.2 68.8 60.9 4.7 62.5 78.6
Gaylussociasp. — — — 2.7 40.7 47.6
Rhododendronsp. — — — 0.0 3.1 2.1
Symplocostinctoria — — — 0.0 3.1 2.1
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Table 4 (Continued)

Species Pre-burn Post-bum

Cover(% per Frequency IV Cover(% per

metresquare) (% occurrence) metresquare)

Frequency IV

(% occurrence)
Ilerbaceousspecies
Vaccinium sp. 36.5 67.2 89.2 1.7
S. rotundijolia 2.3 45.3 24.7 0.1
Galaxaphvlla 3.9 4.7 8.4 0.1
P aquilinum 0.4 4.7 2.9
P.anicumsp. 0.5 3.1 2.2
Total 63.1 11.1

28.1 31.3
9.4 6.3
3.1 2.7

Importancevalue (IV) calculatedasrelativecover (% of total) plus relativefrequency(% of total).

Table 5
Pre- and post-bumspeciesrichnessof P. pungensandP. rigida forest strataa

Forest strata Site

GWWS fall bum GWWS spring bum

Pre-bum Post-bum Pre-bum Post-bum

PSGFspring burn

Pre-bum Post-bum

Canopy(0.02ha) 5.9±0.6 a 3.6 ±0.3 b 5.9±0.4 a 2.8 ±0.6 b
Understory(0.01 ha) 2.6±0.3 a 5.4 ±0.5 b 2.7±4.6 a 3.7 ±0.3 b
Groundlayerti in

2) 2.8±0.3a 6.0±0.8b 2.5 ±0.2a 4.3 ±0.4b

7.9 ±0.3 a 4.6 ±0.7 b
2.1 ±0.3 a 4.5 ±0.3 b
1.9+0.2a 1.8±0.2a

Valuesgivenaremeannumberof speciespresent±1standarderrorperstatedunit area.Pre-vs. post-burncomparisonswithin eachsite
followed by different superscriptsare significantly different (n = 8, p < 0.05).

spring burn, and 47% for the PSGFburn). Prior to
burning, the majority of treeswere between5 and
20 cm DBH on the GWWS fall burn andthe GWWS
springburnsitesandbetween5 and25 cm DBH on the

PSGFsite (Fig. 2). Burning reducedthe numberof
living stemsin all sizeclassesbelow 25 cm DBH on
all sites.Few treeslargerthan25 cm DBH were top-
killed or killed by the fires.

Table 6
Effects of prescribedbumingon P. pungensandP. rigida stand variables~

Variable Site

GWWSfall burn GWWSspring bum

Pre-bum Post-bum Pre-bum Post-burn

PSGFspring bum

Pre-burn Post-bum

Canopy basal area (m2/ha) 23.3 ±2.9 a 16.9 ±2.6 b 28.5 ±2.0 a 19.2 ±1.7 b 32.0 ±2.0 a 25.9 ±5.0 b
Canopy density (#stems/ha) 1525.0 ±188.0 a 625.0 ±97.5 b 1594.0 ±163.0 a 431.5±90.5 b 1900.0 ±166.5 a 887.5 ±193.5 b
Understorydensity 69.9±11.4 a 168.8 ±32.2 b 120.3 ±28.9 a 203.1 + 29.6 b 116.3 ±9.4 a 165.5 ±11.9 b

(#stems/ha)
GroundlayerCover 76.9±8.1 a 47.0 ±3.0 b 60.1 ±6.6 a 18.8 ±2.5 b 28.4 ±6.4 a 11.4 ±2.9 b

(% per metresquare)
Litter depth (cm) 4.0 ±1.2 a 0.2 ±0.6 b 4.4±0.3 a 0.9±0.1 b 5.7±0.3 a 2.5 ±0.5 b
Duffdepth(cm) 4.8±2.1a 2.3±0.9b 3.6±1.1 a 2.1±0.3a 5.6±1.2a 3.8±0.6a

193 I

Valuesgivenaremeans±1 standarderror.Pre-vs. post-burncomparisonsfor eachsite followedby different superscriptsaresignificantly
different(a 8, p < 0.05)
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Fig. 2. Distributionof living ~fj~~ andfire-killed canopystems(all stems>2.5 cm DBH).

Post-burnmeanunderstorydensitiesweresignifi-
cantly greater than pre-burn values on all sites
(Table 6).Meangroundlayercoverwas significantly
reducedafterall burns.Litter depthwas significantly
lower on all sites following burning whereasduff
depthwasnot. Post-bumduff depthwassignificantly
lowerthanpre-burnduffdepthonlyon theGWWSfall
burn site. Pineregenerationwasobservedfollowing
the GWWS fall burn(15 000 pitch pineseedlings/ha)
and the PSGFbum(8000 tablemountainpine seed-
lings/ha).

4. Discussion

Speciescomposition of table mountain pine and
pitch pine standshas changedin the past five to six
decadesbecauseof theabsenceof fire. Tablemountain
pine andpitch pine remainoverstorydominantsbut
arelackingin midstory,understory,andgroundlayer
strata.Instead,numeroushardwoodspeciesarepre-
sent in theselower strata.Of the midstory species
observed,90, 100, and74% werehardwoodson the
GWWS fall burn, GWWS spring burn, and PSGF
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site, respectively. In addition, roughly 50% of
understoryspeciesand33%of groundlayerspecies
on eachsite werehardwoods.Significant hardwood
componentswere also reported for midstory and
understorystrata of table mountainpine stands of
the ChattahoocheeNationalForest,Georgia(Turrill
et al., 1997;WaidropandBrose,1999),andfor pitch
pinestandsof theGreatSmoky MountainsNational
Park,Tennessee(Harrod et al., 1998) and the Nan-
tahalaNationalForest,North Carolina(Elliott et al.,
1999). Undercurrentfire-suppressedconditionsof a
closedcanopyandaccumulatedlitter andduff, hard-
wood regeneration will continue whereas pine
regenerationwill not (Zobel, 1969; Williams et al..
1992; Williams, 1998) andhardwoodspecies,most
likely, will increasein dominancein all of these
stands.

The speciespresentin the midstoriesandunders-
tories of the sampled stands suggesthow forest
successionmay changecanopydominanceif fire is
not returned to similar stands. Although species
typically confined to lower forest strata, such as
blackjackoak, sassafras,and blackgum,dominated
the midstory, understory,andground layerof each
site,potentialoverstoryspecies,suchaschestnutoak,
scarlet oak, and red maple were prevalentas well.
Thesehardwoodspeciesmay invadetheoverstoryof
eachsite as tablemountainpineandpitch pine sterns
die-outin thecontinuedabsenceof fire or following
the cyclic southernpine barkbeetle(Dendroctonus
fronralis) infestationsthat are commonto thesefor-
ests(Kuykendall,1978;Smith, 1991).Otherauthors
predictsimilar changesin canopyspeciescomposi-
tion. Oaks andmaplesarepredictedto invade pitch
pineoverstoriesof North Carolina(Watermanet al.,
1995), central Pennsylvania(Nowacki andAbrams,
1992), andcentralandwesternNew York (Seischab
and Bernard, 1991). Sutherlandet al. (1995) and

• (Williams andJohnson,1990,1992) predictchestnut
oak and scarlet oak dominanceof table mountain
pine standsin Virginia in the continuedabsenceof

• fire.
The prescribedbums applied in this study were

ineffectiveat openingthe forestcanopy.Eventhough
all threeburnssignificantly reducedcanopybasalarea
and canopydensity,stemsover 20 cm DBH werenot
killed and stand overstoriesremained fairly intact.
Similar to the results of Elliott et al. (in press),

overstoryred maplewere top-killed by the GWWS
spring bum. Accordingly, importanceof pitch pine
increasedin the overstory following the GWWS
spring burn. The importanceof tablemountainpine
increasedafter thePSGFburn as the importanceof
scarlet oak, chestnutoak, andsourwooddecreased.
Numerous fire-intolerant, midstory blackjack oak,
sassafras,and white pine were top-killed by the fire
andcontributedto thesignificantreductionsin canopy
basalareaand canopydensity.

Sprouting of top-killed overstory, midstory, and
understoryhardwoodsdoubledthe densityof unders-
tory stemsfollowing all threeburnsandincreasedthe
importanceof hardwoodsin post-burnunderstories.
McGeeet al. (1995)demonstratedthatsuchpost-burn
increasesin understorydensitypersistfor more than
12 yearsin mid-seraloak forestsof New York. The
hardwoodsthat sprouted,blackgum, sassafras,and
sourwood,are confined typically to the midstory.
However, red maple, a potential canopydominant,
sproutedfollowing thePSGFburn.Sinceredmapleis
shade-tolerant,its sproutslikely will survivecompeti-
tion from post-burnsproutsof mountainlaurel and
otherhardwoods(Watermanet al., 1995;Ducey et al.,
1996).Waldrop et al. (1992) showedthat post-burn
increasesin red maple are difficult to control and

evenafter 43 yearsof annualwinter burninopersist
on the Atlantic CoastalPlain.

Post-bumdecreasesin canopyspeciesrichnesson
all siteswere most likely dueto lossesof fire-intol-
erantmidstory species(blackjackoak, sassafras,red
maple, white pine, etc.). Elliott et al. (in press)
reportedsimilar post-burnreductionsin canopyspe-
ciesrichness.Increasesin understoryspeciesrichness
wereduetothenumeroushardwoodsproutsthatgrew
into the understorylayer. Similarly, sproutsof tree,
shrub,and some herbaceousspecies(blueberryand
huckleberry)increasedspeciesrichnessof theground
layer following the GWWS fall and GWWS spring
burns.

The pine regenerationthatoccurredfollowing the
GWWS fall burn and the PSGFspring burnmay be
sufficientto regeneratethe stand.However,many of
the observedseedlingsarenot likely to survivesince
neitherfire fully openedthe forestcanopynor les-
senedcompetingvegetation.Previousstudiescon-
cludedthatcanopyremovalandexposureof mineral
soil werenecessaryfor tablemountainpineandpitch
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pine regeneration(U.S.D.A. Forest Service, 1965;
Sanders,1992;Williams andJohnson,1992).Indeed,
following the 1986 Bote MountainWildfire in the
Great Smoky MountainsNationalPark, Tennessee,
Sanders(1992) observedthe greatestproportionof
tablemountainpine seedlingsin high and moderate
intensity burn areaswhere the forest canopy was
openedandmineralsoil wasexposed.It appearsthat
completeexposureof mineralsoil,however,is not as
critical to tablemountainandpitch pineregeneration
as oncebelieved.In a recentstudyby Waldropand
Brose(1999),roots of tablemountainpineseedlings
penetratedduff layersup to 7.5 cm deepto reach
mineralsoil. Furtherstudiescomparing(1) survival
ratesof pineseedlingsthat germinateof duff to those
thatgerminateon mineralsoil and(2) survival rates
of pine seedlingsundervarying degreesof canopy
cover,are needed.

5. Conclusion

Long-standingfire suppressionpracticesover the
pastfive tosixdecadeshaveresultedinclosedcanopy
conditions in table mountain pine and pitch pine
foreststhat encouragehardwoodregenerationand
precludepine regeneration.Whensingle prescribed
fires wereappliedto threesuchstands,theoverstory
remainedclosed, the midstory openedslightly, and
the understorybecamemoredense.Many, if not all,
pine seedlingsthat establishedfollowing thesefires
wereunlikely to survivedueto shadingandcompeti-
tion from remainingcanopyvegetationandunders-
tory hardwoodsprouts. Prescribedfires to restore
tablemountainpine andpitchpine forestsmustopen
the understory,as well as the overstory, of these
forests.In orderto reducehardwoodsprouting,pre-
scribedburnsshouldconsumea significantportionof
litter andduff and,in turn, exposeregenerativebasal
buds of hardwoodsto lethal temperatures.Recom-
mendationsas to the fire intensityor firing method
necessaryto reachthesegoalscannotbemadeon the
basis of initial post-burn results from single pre-
scribedburns.Studiesemployingrepeatedprescribed
burning andcanopyand understoryreductionsand
removalsareneeded.Suchtreatmentsmaybe neces-
saryto regeneratedegradedtablemountainpineand
pitch pine stands.
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